Introduction {#Sec1}
============

Lung CT scanning is used to detect: tumors in lungs, pneumonia, tuberculosis, emphysema, diffuse interstitial lung diseases, inflammation or other diseases of pleura, the membrane covering the lungs. Automatic identification of lung disorders in lung CT scan images can contribute to lung disease early diagnosis. Edge is the most important features for focal of a disease in CT images, and this feature can be used in target recognition and segmentation. In recent years, research on Segmentation of medicine images has become a hot topic and it has been widely applied in cancer metastasis, developmental biology, immunology response, etc. Conventional and manual analysis of these images is a tedious process. Accuracy Rely on experience and knowledge of observer. However, with the increasing of datasets, manual work is becoming heavy workload and inefficiency. Automated segmentation processing can extract a richness of information far beyond what a manual work can observe. For efficiency and accuracy, the development of automated segmentation methods that eliminate the bias and variability to a certain degree is of great importance, which has very broad prospects in clinical decision making.

Because medical images are complex in nature, automatic segmentation of medical images is a challenging task and medical image segmentation continues to be a difficult problem \[[@CR1]\]. The challenges of medical image segmentation have been attracting more and more research efforts \[[@CR2]--[@CR9]\]. In \[[@CR6]\], Elizabeth et al. proposed an approach to identify the most promising slice to diagnose lung cancer from chest CT images. In \[[@CR7]\], an efficient cervical disease diagnosis approach using segmented images and cytology reporting is proposed. In \[[@CR8]\], an effective liver vessel segmentation method was proposed based on two techniques, including centerline constraint and intensity model. In \[[@CR9]\], a new adaptive approach to lung segmentation based on a non-parametric adaptive active contour method (ACM) is proposed. In summary, from the review presented above, it is found that although some of the segmentation methods mentioned above produce very good segmentation results, the overall performance of the segmentation methods still need to be improved in some situations.

ACO is a population based meta-heuristic approach proposed by Dorigo et al., which is inspired by social behavior of ant colonies and belongs to a branch of swarm intelligence \[[@CR10]\]. In nature, ants can find the shortest route between their nest and a food source by chemical materials called pheromone that they leave when moving. Traveling salesman problem (TSP) is the first problem solved by ACO \[[@CR11]\]. At present, it is well known that ACO is effective for many optimization problems, such as image processing problems \[[@CR12]\], clustering problems \[[@CR13]\], vehicle routing problems \[[@CR14]\] and resource allocation problem \[[@CR15]\].

In the ant colony algorithm for edge detection, searching for interest area is looked upon as an ant colony foraging process. The basic idea applying ACO to edge detection could be explained by a graph, as shown in Fig. [1](#Fig1){ref-type="fig"}.Fig. 1.The evolution process of ant searching for foods

In this paper, motivated by the self-organization ability and positive feedback mechanism of ants, we aim to develop a novel ant-based algorithm for lung CT image segmentation. The remainder of this article is structured as follows. In Sect. [2](#Sec2){ref-type="sec"}, the focal of a disease segmentation method is described in details. Section [3](#Sec8){ref-type="sec"} presents the experimental results of the focal zone segmentation. Finally, the fourth section includes the concluding remarks.

Algorithm {#Sec2}
=========

Algorithm Description {#Sec3}
---------------------

The edge detection of focal zone in lung CT image sequence is very challenging, such as poor signal-to-noise ratios images, intensity inhomogeneity, irregular surfaces and edge branching. As the traditional approach was insufficient for overcome these challenges. So, our goal in this research is to develop a new method for automatic edge extracted in lung CT scan images based on hybrid ant colony algorithm and snake algorithm. The first step in this method is rough edge extracted from lung CT scan image by snake method. Then Ant Colony Optimization (ACO) algorithm is applied to search the possible edge points of focal of a disease, repeatedly. Finally, real edges can be extracted according to the intensity of pheromones. To visualize our proposed algorithm in a full view, we represent the flowchart of the proposed algorithm (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2.The main framework of our proposed method

Edge Detection Based on Hybrid Ant Colony Algorithm and Snake Algorithm {#Sec4}
-----------------------------------------------------------------------

Edge is the most important information in CT scan images. Edge characteristics are extracted to clinical decision making for some lung disease. Image edge detection based on hybrid ACO is distributing a certain number of ants on the two dimensional image to search edges by establishing the pheromone matrix, in which each element represents edge information of each pixel. The algorithm contains three steps: Initialization, movement of the ants and pheromone Update.

### Initialization of the Algorithm {#Sec5}

The initialization step is performed at the beginning. A number of ants are randomly assigned on image the possible edge. The initial value of each pheromone matrix component $\documentclass[12pt]{minimal}
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                \begin{document}$$ \tau (0) $$\end{document}$ is set to be constant. To help the ACO work faster in finding edge of focal zone, the prior information is utilized to generate initial ant colony. Considered ants are assigned on the rough outline of focal zone, which can be obtained by snake algorithm \[[@CR16], [@CR17]\].

Snake segmentation algorithm is used to separate the lung tissues from the CT slice by finding a suitable outline. In this method some points are required to initialize the process, the segmentation results are dependent on the choice of outline. Snake segmentation algorithm general consists of drawing curves, starting outside or inside the object of interest. The traditional approach is given as follows.

Aim to adapt an initial curve to the shape of the region of interest. The curvature occurs by the forces acting on it and evolves to the edges of the object. The deformation is guided by an energy function to be minimized:$$\documentclass[12pt]{minimal}
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                \begin{document}$$ B_{\text{int}} [c(d)] $$\end{document}$ is the internal energy, which depends on the internal features within the segmentation curve and can be given by$$\documentclass[12pt]{minimal}
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                \begin{document}$$ d $$\end{document}$ of the curve, which can be adjusted according to the first and second derivatives, respectively. At the same time, $\documentclass[12pt]{minimal}
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                \begin{document}$$ B_{ext} [c(d)] $$\end{document}$ represents the external energy of this curve. The environment outside the curve can change this energy. The behavior of the curve, such as expansion or shrinkage is continue guided by an energy function $\documentclass[12pt]{minimal}
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After rough edge of focal zone is obtained by snake method, ants are assigned on the rough edge of focal zone.

### Movement of the Ants {#Sec6}

In contrast with classic ACO, here, nodes in the graph can be viewed as pixels of the image. During search process, an ant chooses which pixel to move to according to heuristics information and the pheromone amount of the four surrounding pixels. Assume ant $\documentclass[12pt]{minimal}
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                \begin{document}$$ \eta_{j} $$\end{document}$ is heuristic value, for each pixel, usually represents the attractiveness of the pixel. representing the degree of similarity between the current pixel and the target pixel. $\documentclass[12pt]{minimal}
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                \begin{document}$$ \gamma $$\end{document}$ determines the relatively importance of the track, reflecting the effect of accumulated information of the ant in the course of movement. $\documentclass[12pt]{minimal}
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                \begin{document}$$ \beta $$\end{document}$ makes up the comparative importance of heuristic information.
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### Pheromone Updating {#Sec7}

Pheromone is another important concept in ACO algorithms. In this work, we considered two kinds of pheromone, diffusive pheromone and accumulative pheromone. Diffusive pheromone is the propagated information from the different channels of the neighbor pixels. Accumulative pheromone is the accumulative information in each step. When all ants complete a search cycle, pheromone on pixel $\documentclass[12pt]{minimal}
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With the increase of iteration, the search router of the ant gradually converges to the true contour, and the pheromone on the edge is significantly higher than other regions. Once the searching behavior of each ant is finished, thus edge according to the pheromone distribution can be extracted.

Experiments {#Sec8}
===========

In this section, we will discuss the implementation process in detail to verify the validity of our proposed method. All experiments were carried out in MATLAB (R2016a) on a 1.7 GHz processor computer with 4G random access memory.

Several human lung CT scans image with different disease, such as pulmonary tuberculosis (frame D0100249, D0100252, D0100263--D0100265), solitary pulmonary nodules (frame D0100151), were selected as the experimental images and the image was $\documentclass[12pt]{minimal}
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                \begin{document}$$ \beta $$\end{document}$ are 0.5, 1 respectively. The experimental results are shown in Fig. [3](#Fig3){ref-type="fig"} and Fig. [4](#Fig4){ref-type="fig"}. Traditional ant colony algorithm and our proposed hybrid segmentation algorithm are compared that uses the same test images.Fig. 3.Tracking results with our proposed mode Fig. 4.Tracking results with traditional ACO

To evaluate the performance of the proposed approach on segmentation, we would like to compare our algorithm with other techniques, such as the traditional ant colony algorithm \[[@CR18]\]. According to Fig. [3](#Fig3){ref-type="fig"} and Fig. [4](#Fig4){ref-type="fig"}, the results obtained in this work show that our proposed hybrid segmentation method presents promising potential and has excellent results for accuracy compared to the traditional ant colony algorithm.

In addition, average computation time (over 100 Monte-Carlo simulations) using our proposed method is not exceeding 15 s for all frames. The average time was shorter than traditional ACO. Our proposed approach can identify the region near the focal zone contour of the lung, accelerating the segmentation process.

In summary, from the results, it can be clearly inferred that the proposed hybrid segmentation method has competitive potential compared to the other techniques.

Conclusions {#Sec9}
===========

Lung CT image provide lots of important information for lung-disease diagnosis and lung surgery. In this paper, a hybrid swarm intelligent approach for focal of a disease segmentation lung CT image was proposed. The lung tissues are segmented using our proposed edge detection approach. Edges are extracted from the segmented lung and from which geometrical features are extracted. Experimental results show that proposed method was robust and efficient compared with some traditional methods.
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